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Description

BACKGROUND OF THE INVENTION

[0001] An apparatus and method for displaying three-
dimensional images are disclosed.

[0002] Among methods of displaying three-dimension-
al images, a three-dimensional scanning method, a ho-
lography method, and a stereoscopy method are well
known in the art. According to the holography method,
an interference fringe is formed in a photosensitive ma-
terial using a reference beam and an object beam that
interfere with each other to form a three-dimensional im-
age. When the reference beam is irradiated onto the
three-dimensional image, the object beam is restored to
display the three-dimensional image. According to the
holography method, a coherentlight source is required
and itis difficult to record/reproduce alarge object located
far away. According to the stereoscopy method, two two-
dimensional images having a binocular parallax are sep-
arately viewed by both eyes of a viewer, thereby making
the image stereoscopic. According to the stereoscopic
method, two plane images are used, and thus, it is easy
to realize a three-dimensional image and to display the
three-dimensional image having a high resolution. How-
ever, since the stereoscopy method only uses a horizon-
tal parallax, it is difficult to realize a three-dimensional
image having both a horizontal parallax and a vertical
parallax.

[0003] On the other hand, according to the three-di-
mensional scanning method, a beam emitted by a light
source is directly modulated in order to improve an optical
efficiency and a contrast of the image. In a three-dimen-
sional image displaying apparatus using the scanning
method, the three-dimensional image can be displayed
by scanning point beam in a three-dimensional manner
or by scanning beam in x and y directions using a spatial
light modulator and by moving a focus in a z direction.
When the three-dimensional scanning method is per-
formed using a two-dimensional spatial light modulator,
the scanning can be performed at a high speed; however,
fabrication costs increase. On the other hand, the point
scanning method is inexpensive and requires simple
equipment. Point scanning can be realized only when
one-dimensional optical modulation can be performed in
a proceeding direction of the beam. However, it is difficult
to realize one-dimensional optical modulation, and thus,
point scanning cannot be widely used.

SUMMARY OF THE INVENTION

[0004] An embodiment of the present invention pro-
vides an apparatus for displaying a three-dimensional
image using a volume diffractive element.

[0005] Another embodiment of the present invention
provides an apparatus, which is capable of performing
one-dimensional optical modulation in a proceeding di-
rection of a beam and displaying three-dimensional im-
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ages by combining the one-dimensional optical modula-
tion with a two-dimensional scanning operation.

[0006] Another embodiment of the present invention
also provides a method of displaying a three-dimensional
image using the volume diffractive element.

[0007] Another embodiment of the present invention
provides a method of displaying a three-dimensional im-
age by performing optical modulation in a proceeding
direction of the beam and performing two-dimensional
scanning in a direction different from the proceeding di-
rection of the beam.

[0008] According to anaspect of the presentinvention,
there is provided an apparatus for displaying a three-
dimensional image, the apparatus comprising:

a light source array comprising a plurality of light
sources; a volume diffractive element diffracting
beams emitted from the light sources so that spots
of the beams can be formed at different positions
from each other in a proceeding direction of the
beams diffracted by the volume diffractive element
to scan the beams in a first direction; a first driving
apparatus driving the light source array to scan the
beams in a second direction; and a second driving
apparatus driving the volume diffractive element to
scan the beams in a third direction.

[0009] The light source array may have a one-dimen-
sional arrangement structure, in which the light sources
are arranged in the first direction.

[0010] The first driving apparatus and the second driv-
ing apparatus may use a resonant scanning method to
scan the beams in the second and third directions, re-
spectively.

[0011] The volume diffractive element may comprise
an interference pattern formed by making an image sig-
nal beam that is to be scanned and a reference beam
emitted from one of the light sources in the light source
array interfere with each other.

[0012] The volume diffractive element may comprise
one of a photorefractive crystal, a photorefractive poly-
mer, and a photopolymer.

[0013] The seconddrivingapparatus may drive the vol-
ume diffractive element in a linear direction.

[0014] The second driving apparatus may rotate the
volume diffractive element around an axis corresponding
to the third direction on a plane formed by the first direc-
tion and the second direction.

[0015] The apparatus may comprise a Fourier lens dis-
posed next to the volume diffractive element,

wherein the second driving apparatus simultaneously
drives the volume diffractive element and the Fourier
lens.

[0016] According to another aspect of the present in-
vention, there is provided an apparatus for displaying a
three-dimensional image, the apparatus comprising:

a light source array comprising a plurality of light
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sources that are arranged in a row direction and a
column direction of a two-dimensional structure; a
volume diffractive element diffracting beams emitted
from the light sources in the row direction in the light
source array so that spots of the beams can be
formed at different positions from each other in a
proceeding direction of the beams diffracted by the
volume diffractive element and to scan the beams in
a first direction, and scanning beams emitted from
the light sources in the column direction of the light
source array in a second direction; and a driving ap-
paratus driving the volume diffractive element to
scan the beams in a third direction.

[0017] According to another aspect of the present in-
vention, there is provided a method of displaying a three-
dimensional image, the method comprising:

modulating beams emitted from a light source array
comprising a plurality of light sources, according to
image signals; scanning the modulated beams in a
first direction by diffracting the modulated beams us-
ing a volume diffractive element so as to form spots
of the beams at different positions from each other
in a proceeding direction of the beams diffracted by
the volume diffractive element; scanning the beams
in asecond direction by driving the light source array;
and scanning the beams in a third direction by driving
the volume diffractive element.

BRIEF DESCRIPTION OF THE DRAWINGS

[0018] The above and other features and advantages
of the present invention will become more apparent by
describing in detail exemplary embodiments thereof with
reference to the attached drawings in which:

FIG. 1A is a schematic diagram illustrating a scan-
ning operation in a z direction in a three-dimensional
image display apparatus according to an embodi-
ment of the present invention;

FIG. 1Bis adiagramillustrating a scanning operation
in a z direction in the three-dimensional image dis-
play apparatus of FIG. 1A, according to another em-
bodiment of the present invention;

FIG. 1Cisadiagramillustrating a scanning operation
in a z direction in the three-dimensional image dis-
play apparatus of FIG. 1A, according to another em-
bodiment of the present invention;

FIG. 2Ais adiagramillustrating a scanning operation
in an x direction in the three-dimensional image dis-
play apparatus of FIG. 1A, according to an embod-
iment of the present invention;

FIG. 2B is adiagramillustrating a scanning operation
in a y direction in the three-dimensional image dis-
play apparatus of FIG. 1A, according to another em-
bodiment of the present invention;

FIG. 3A is a diagram of a two-dimensional light
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source array adopted in the three-dimensional im-
age display apparatus of FIG. 1A, according to an
embodiment of the present invention;

FIG. 3Bis adiagramillustrating operations of athree-
dimensional image display apparatus including the
two-dimensional light source array illustrated in FIG.
3A, according to an embodiment of the present in-
vention; and

FIGS. 4A through 4C are diagrams illustrating a
scanning operation in a y direction in a three-dimen-
sionalimage display apparatus according to another
embodiment of the present invention.

DETAILED DESCRIPTION OF THE INVENTION

[0019] Hereinafter, an apparatus and method for dis-
playing three-dimensional images according to embodi-
ments of the present invention will be described with ref-
erence to the accompanying drawings.

[0020] FIG. 1A is a schematic diagram of a three-di-
mensional image display apparatus according to an em-
bodiment of the present invention. Referring to FIG. 1A,
the three-dimensional image display apparatus accord-
ing to the current embodiment of the present invention
includes a light source array 10 including a plurality of
light sources (10-1)..(10-i)..(10-n) (i and n are natural
numbers, i <n), and a volume diffractive element 40 form-
ing spots of beams emitted from the plurality of light
sources (10-1)..(10-i)..(10-n) at different positions from
each other in a proceeding direction of the beams. Ac-
cording to an embodiment of the present invention, the
beams are scanned in afirstdirection, a second direction,
and a third direction in order to display a three-dimen-
sional image. The beams emitted from the light sources
(10-1)..(10-i)..(10-n) are diffracted by the volume diffrac-
tive element 40 so that the spots can be formed at differ-
ent positions from each other in the proceeding direction
of the beams diffracted by the volume diffractive element
40, and then, the beams are scanned in the first direction.
In addition, the light source array 10 is driven to scan the
beams in the second direction, and the volume diffractive
element 40 is driven to scan the beams in the third direc-
tion.

[0021] Here, the proceeding direction of the beams dif-
fracted by the volume diffractive element 40 is denoted
as a zdirection, and two directions that are perpendicular
to the z direction are denoted as an x direction and a y
direction, respectively. For example, the first direction
can be the z direction, the second direction can be the x
direction, and the third direction can be the y direction.
The plurality of light sources can be arranged in a one-
dimensional structure in the z direction. The beams emit-
ted from the light source array 10 are diffracted by the
volume diffractive element 40 and focused onto different
spots from each other in the z direction. Therefore, turn-
on and turn-off of the light sources (10-1)..(10-i)..(10-n)
included in the light source array 10 are controlled to
realize optical modulation in the z direction. The volume
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diffractive element 40 includes an interference pattern
that is formed in advance, and thus, diffracts the beams
from the light sources (10-1)..(10-i)..(10-n) of the light
source array 10 so as to form the spots of the beams at
the different positions from each other in the proceeding
direction of the beams diffracted by the volume diffractive
element 40.

[0022] For example, FIG. 1A shows that a beam emit-
ted from a light source that is located to the left of the
center of the light source array 10 is diffracted by the
volume diffractive element 40 and is focused in front of
a reference screen 50. Thus, the reference screen 50 is
a surface on which the beam emitted from the light source
located at the center portion of the light source array 10
is focused by the volume diffractive element 40, as illus-
trated in FIG. 1B. If a distance from the reference screen
50 to the focused spot is 8z, & z<0 is satisfied when the
spot is formed in front of the reference screen 50 as il-
lustrated in FIG. 1A, and 6 z>0 is satisfied when the spot
is formed behind the reference screen 50 as illustrated
in FIG. 1C. FIG. 1C is a diagram showing that a beam
emitted from a light source that is located to the right of
the center of the light source array 10 is diffracted by the
volume diffractive element 40 and is focused behind the
reference screen 50, § z>0.

[0023] As described above, the light sources (10-1)..
(10-i)..(10-n) of the light source array 10 are controlled
to be turned on or turned off to perform one-dimensional
optical modulation in the proceeding direction of the
beams diffracted by the volume diffractive element 40.
[0024] There are many methods of forming the inter-
ference pattern in the volume diffractive element 40, one
of which is as follows. Referring to FIG. 1A, a light source
unit 25 that can generate object beams forming spots at
different positions from each other is disposed on a first
side of the volume diffractive element 40, and the light
source array 10 is disposed on a second side of the vol-
ume diffractive element 40. The light source unit 25 and
the light source array 10 can bedisposed at right angles
with each other with respect to the volume diffractive el-
ement 40. A first Fourier lens 35 can be disposed be-
tween the light source unit 25 and the volume diffractive
element 40. In addition, a lens 20 can be disposed be-
tween the light source array 10 and the volume diffractive
element 40. The distance between the volume diffractive
element 40 and the first Fourier lens 35 can be as much
as a focal distance of the first Fourier lens 35.

[0025] The beams emitted from the light source array
10 constitute reference beams, and the object beams
emitted from the light source unit 25 and the reference
beams emitted from the light source array 10 interfere
with each other so as to record the interference pattern
in the volume diffractive element 40. The interference
patterns are formed in the volume diffractive element 40
while changing the position of the spot formed by a beam
emitted from the light source unit 25 and turning on/off
the light sources (10-1)..(10-i)..(10-n) in the light source
array 10. For example, the spot of a beam emitted from
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the light source unit 25 can be focused in front of a pre-
determined reference surface 30 (FIG. 1A), can be fo-
cused on the reference surface 30 (FIG. 1 B), or can be
focused behind the reference surface 30 (FIG. 1C). Then,
one of the light sources (10-1)..(10-i)..(10-n) of the light
source array 10 is turned on, a reference beam is irradi-
ated by the light source onto the volume diffractive ele-
ment 40, and then, the interference pattern is recorded
onto the volume diffractive element 40. When it is as-
sumed that the position of the light source unit 25 emitting
an object beam forming a spot on the reference surface
30 is a reference position, the light source unit 25 is
moved as much as 6 'z( 'z<0) from the reference surface
30 to the left, and the object beam emitted from the light
source unit 25 and the reference beam emitted from the
light source array10 interfere with each other, and then,
the interference signal of the object and reference beams
is recorded onto the volume diffractive element 40. Here,
the object and reference beams should maintain the
property of mutual coherence.

[0026] Referring to FIGS. 1A through 1C respectively,
a first interference pattern formed by the spot formed at
the position ofd 'z<0 and a first reference beam corre-
sponding to the spot, a second interference pattern
formed by the spot formed at a position ofd 'z=0 and a
second reference beam corresponding to the spot, and
a third interference pattern formed by the spot formed at
a position ofd 'z>0 and a third reference beam corre-
sponding to the spot can be recorded onto the volume
diffractive element 40. The above-described method of
forming interference patterns on the volume diffractive
element 40 is merely an example, and interference pat-
terns on the volume diffractive element 40 can be formed
using various methods.

[0027] The volume diffractive element 40 can be a vol-
ume diffractive element, and can include, for example,
one of a photorefractive crystal, a photorefractive poly-
mer, and a photopolymer. When a reference beam is
irradiated onto the volume diffractive element 40, on
which the interference patterns were formed, the corre-
sponding object beam is reproduced. That is, when one
of the light sources (10-1)..(10-i)..(10-n) in the light
source array 10 irradiates a reference beam onto the
volume diffractive element 40, the object beam corre-
sponding to that light source is diffracted by the volume
diffractive element 40 and reproduced. When all of the
lightsources (10-1)..(10-i)..(10-n) in the light source array
10 are turned on, the reference beams emitted from the
light source array 10 are diffracted by the volume diffrac-
tive element 40 to form spots at different positions from
each other in the proceeding direction (z direction) of the
beams diffracted by the volume diffractive element 40.
When the light source of the first reference beam is turned
on, the first reference beam is diffracted by the volume
diffractive element 40 and reproduced at the position of$
z<0 as illustrated in FIG. 1A. When the light source of
the second reference beam is turned on, the beam is
reproduced at the position ofé z=0 as illustrated in FIG.
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1B. When the light source of the third reference beam is
turned on, the beam is reproduced at the position of z>0
as illustrated in FIG. 1C. As described above, direct op-
tical modulation in the proceeding direction of the beams
diffracted by the volume diffractive element 40 can be
performed by turning on/off the light sources (10-1)..(10-
i)..(10-n) in the light source array 10. Therefore, one-di-
mensional scanning in the proceeding direction of the
beams diffracted by the volume diffractive element 40
can be performed. In the present invention, a distance
between neighboring light sources in the light source ar-
ray 10 can be determined according to the characteristic
of the volume diffractive element 40 so that the focuses
of which are located on the z axis have no cross-talk
when the beams are incident onto the volume diffractive
element 40 simultaneously. When the minimum angle
for the multiplexing of the beam diffracted by the volume
diffractive element 40 proceeding in the z direction is A
6 , the minimum distance between the light sources A z
can be determined as A z=f A 6. Here, f denotes the
focal distance of the lens 20.

[0028] On the other hand, a second Fourier lens 45
can be further disposed next to the volume diffractive
element 40. The second Fourier lens 45 focuses the sig-
nal beam diffracted by the volume diffractive element 40.
[0029] According to the present invention, the focus
spots of the image signal beams are formed at different
positions from each other in the proceeding direction of
the beams diffracted by the volume diffractive element
40 according to the positions of light sources in the light
source array, and thus, one-dimensional optical modu-
lation can be performed. In the present invention, one-
dimensional optical modulation can be realized coaxially
with the proceeding direction of the beams diffracted by
the volume diffractive element 40, and then, a two-di-
mensional scanning operation is combined with the one-
dimensional optical modulation to realize a three-dimen-
sional image display. Thatis, the beam is scanned in two
directions that are perpendicular to the proceeding direc-
tion (z direction) of the beam diffracted by the volume
diffractive element 40, that is, x and y directions. FIG. 2A
is a diagram illustrating a scanning operation in an x di-
rection in the three-dimensional image display apparatus
of FIG. 1A, according to an embodiment of the present
invention. Referring to FIG. 2A and 2B, the three-dimen-
sional image display apparatus according to the present
invention includes a first driving apparatus 15 driving the
light source array 10 and a second driving apparatus 48
driving the volume diffractive element 40. The first driving
apparatus 15 drives the light source array 10 in £x di-
rections to scan the beams emitted from the light source
array 10 in the x direction. When the light source array
10 is moved as much as *4 x in the x direction, the beam
diffracted by the volume diffractive element 40 is scanned
in the x direction. FIG. 2B is a diagram illustrating a scan-
ning operation in a y direction in the three-dimensional
image display apparatus of FIG. 1A, according to another
embodiment of the present invention. Referring to FIG.
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2B, the volume diffractive element 40 is driven in*y di-
rections to scan the beams emitted from the light source
array 10 in the y direction. When the volume diffractive
element 40 is moved as much as =3 y in the y direction,
the beam diffracted by the volume diffractive element 40
is scanned in the y direction. When scanning in the y
direction is performed, the volume diffractive element 40
can be driven in the y direction or a module 47 including
the volume diffractive element 40 and the second Fourier
lens 45 can be driven in the y direction.

[0030] Referring to FIG. 2B, when the module 47 in-
cluding the volume diffractive element 40 and the second
Fourier lens 45 is moved as much as 3 y in the y direction
by the second driving apparatus 48, the spot of the beam
is also moved in the y direction. When the light source
array 10 and the volume diffractive element 40 are driven
in the x direction and the y direction respectively, a res-
onant scanning method can be used. The beams from
the light source array 10 are modulated while resonantly
scanning the module 47 including the volume diffractive
element 40 and the second Fourier lens 45 and the light
source array 10 so that the three-dimensional images
can be displayed.

[0031] In FIGS. 2A and 2B, the light source array 10
is formed to have a one-dimensional structure; however,
the present invention is not limited thereto, and the light
source array 10 can have a two-dimensional structure
asshowninFIG. 3A. Referring to FIG. 3A, the light source
array 100 includes a plurality of light sources (100-11)
(100-12)...(100-pq) that are arranged in a row direction
(p) and a column direction (q). FIG. 3B is a diagram il-
lustrating operations of a three-dimensional image dis-
play apparatus including the two-dimensional light
source array 100 illustrated in FIG. 3A, according to an
embodiment of the present invention. The same refer-
ence numerals in the drawings denote the same ele-
ments, and thus detailed descriptions thereof will not be
repeated. Referring to FIG. 3B, the three-dimensional
display apparatus including the two-dimensional light
source array 100 according to the current embodiment
of the present invention controls a scanning operation in
the x direction by turning on/off the light sources in the
column direction (x direction) in the light source array
100. In addition, the scanning operation in the z direction
is performed by turning on/off the light sources arranged
in the row direction (z direction) in the light source array
100. In addition, a scanning operation in the y direction
is performed by moving the volume diffractive element
40 or the module 47 including the volume diffractive el-
ement 40 and the second Fourierlens 45 in *y directions
using the second driving apparatus 48.

[0032] FIGS. 4A through 4C are diagrams illustrating
a scanning operation in a y direction in a three-dimen-
sional image display apparatus according to another em-
bodiment of the present invention. The same reference
numerals in the drawings denote the same elements, and
thus detailed descriptions thereof will not be repeated.
Referring to FIGS. 4A through 4C, scanning in the x di-
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rection is performed by driving the light source array 10
in=x directions using the first driving apparatus 15. In
addition, the beam in the z direction is directly modulated
by turning on/off the light sources in the light source array
10. Next, the volume diffractive element 40 is rotated
using a second driving apparatus 53 to perform the scan-
ning operation in the y direction. The volume diffractive
element 40 is rotated around the x-axis on a y-z plane.
Referring to FIG. 4A, in a case in which a reference beam
is emitted from a reference point of the light source array
10 and the volume diffractive element 40 is rotated in a
clockwise direction with respectto FIG. 4A , the proceed-
ing direction of the beam diffracted by the volume diffrac-
tive element 40 is changed according to the rotation of
the volume diffractive element 40, so that the position of
the spot of the beam satisfies 6 z=0 andd y<0. However,
referring to FIG. 4B, when the volume diffractive element
40 is rotated, an incident angle of the beam irradiated
from the light source array 10 onto the volume diffractive
element 40 after passing through the lens 20 is changed,
and thus, the spot of the beam is substantially formed at
a position satisfying 8 z<0 andd y<0. Therefore, referring
to FIG. 4C, in order to perform the scanning operation
only in the y direction, the position of the reference beam
of the light source array 10 should be compensated ac-
cording to the rotation angle of the volume diffractive el-
ement 40. That is, the location of the light source that is
turned on is moved to the right of the reference point of
the light source array 10 so thatd z=0 can be satisfied.
[0033] Color images can also be displayed using a
three-dimensional image display apparatus according to
the present invention. An interference pattern can be
formed on a volume diffractive element of the three-di-
mensional image display apparatus by changing wave-
lengths of light sources of the three-dimensional image
display apparatus, and then, the light sources of different
wavelengths are disposed next to each other in the light
source array. In addition, the volume diffractive element
is designed to selectively diffract the beams emitted from
the light sources according to wavelengths of the beams.
For example, in a light source array including red (R),
green (G), and blue (B) light sources formed sequentially,
the R light source is turned on to display an R image, the
G light source is turned on to display a G image, and the
B light source is turned on to display a B image so that
a color image can be displayed by mixing the R, G, and
B images. The scanning of each of the R, G, and B color
images is performed by scanning the beams in the x, y,
and z directions.

[0034] In a method of displaying a three-dimensional
image according to an embodiment of the present inven-
tion, the light source array including the plurality of light
sources is turned on/off according to image signals to
modulate the beams, and the modulated beams are dif-
fracted by the volume diffractive element so as to form
the spots of the beams on different positions from each
other in the proceeding direction of the beams, and then,
the beams are scanned in the first direction (z direction).
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In addition, the light source array is driven to scan the
beams in the second direction (x direction), and the vol-
ume diffractive element 40 is driven to scan the beams
in the third direction y direction. The light source array
can be driven in the second direction in order to perform
the scanning operation in the second direction. Other-
wise, the light sources in the light source array are ar-
ranged in a two-dimensional structure, that is, in a row
direction and a column direction, and thus, the light sourc-
esinthe row direction are turned on/off to scan the beams
in the first direction and the light sources in the column
direction are turned on/off to scan the beams in the sec-
ond direction.

[0035] Also, the volume diffractive element can be driv-
en linearly in the third direction or can be rotated based
on the second direction in order to scan the beams in the
third direction.

[0036] According to the apparatus and method for dis-
playing three-dimensional images of the present inven-
tion, spots of beams are formed at different positions from
each other coaxially with the proceeding direction of the
beams according to positions of light sources in a light
source array, and thus, optical modulation can be per-
formed in the proceeding direction of the beams. There-
fore, three-dimensional images can be displayed easily
by combining the optical modulation in the proceeding
direction of the beams and two-dimensional scanning.
The scanning of the beam in the two directions that are
perpendicular to the proceeding direction of the beam
can be performed separately, and thus, a wide bandwidth
can be obtained when a moving picture is reproduced.
As described above, optical efficiency and contrast of the
image can be improved by directly modulating the beams
from the light sources, and a relatively small and inex-
pensive three-dimensional image display apparatus can
be provided.

[0037] While the present invention has been particu-
larly shown and described with reference to exemplary
embodiments thereof, it will be understood by those of
ordinary skill in the art that various changes in form and
details may be made therein without departing from the
scope of the presentinvention as defined by the following
claims.

Claims

1. Anapparatus for displaying a three-dimensional im-
age, the apparatus comprising:

alight source array comprising a plurality of light
sources;

a volume diffractive element arranged to diffract
beams emitted from the light sources so that
spots of the beams can be formed at different
positions from each other in a proceeding direc-
tion of the beams diffracted by the volume dif-
fractive element to scan the beams in a first di-
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rection;

a first driving apparatus arranged to drive the
light source array to scan the beams in a second
direction; and

a second driving apparatus arranged to drive
the volume diffractive element to scan the
beams in a third direction.

The apparatus of claim 1, wherein the light source
array has a one-dimensional arrangement structure,
in which the light sources are arranged in the first
direction.

The apparatus of claim 1 or 2, wherein the first driving
apparatus and the second driving apparatus use a
resonant scanning method to scan the beams in the
second and third directions, respectively.

The apparatus of claim 1,2 or 3 further comprising:

a Fourier lens disposed next to the volume dif-
fractive element,

wherein the second driving apparatus simultaneous-
ly drives the volume diffractive element and the Fou-
rier lens.

An apparatus for displaying a three-dimensional im-
age, the apparatus comprising:

a light source array comprising a plurality of light
sources are arranged in a row direction and a
column direction of a two-dimensional structure;
a volume diffractive element diffracting beams
emitted from the light sources in the row direc-
tion in the light source array so that spots of the
beams can be formed at different positions from
each other in a proceeding direction of the
beams diffracted by the volume diffractive ele-
ment and to scan the beams in a first direction,
and scanning beams emitted from the light
sources in the column direction of the light
source array in a second direction; and

adriving apparatus driving the volume diffractive
element to scan the beams in a third direction.

The apparatus of any preceding claim, wherein the
volume diffractive element comprises an interfer-
ence pattern that is formed by making an image sig-
nal beam that s to be scanned and a reference beam
from a light source of the light source array interfere
with each other.

The apparatus of any preceding claim, wherein the
volume diffractive element comprises one of a pho-
torefractive crystal, a photorefractive polymer, and
a photopolymer.
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The apparatus of any preceding claim, wherein the
driving apparatus drives the volume diffractive ele-
ment in a linear direction.

The apparatus of any preceding claim, wherein the
driving apparatus rotates the volume diffractive ele-
ment around an axis corresponding to the third di-
rection on a plane formed by the first direction and
the second direction.

A method of displaying a three-dimensional image,
the method comprising:

modulating beams emitted from a light source
array comprising a plurality of light sources, ac-
cording to image signals;

scanning the modulated beams in a first direc-
tion by diffracting the modulated beams using a
volume diffractive element so as to form spots
of the beams at different positions from each
other in a proceeding direction of the beams dif-
fracted by the volume diffractive element;
scanning the beams in a second direction by
driving the light source array; and

scanning the beamsin a third direction by driving
the volume diffractive element.

The method of claim 10, further comprising:

forming an interference pattern on the volume
diffractive element by making an image signal
beam that is to be scanned and a reference
beam emitted from a light source in the light
source array interfere with each other.

The method of claim 10 or11, wherein the scanning
of the beam in the third direction comprises:

driving the volume diffractive elementin a linear
direction.

The method of claim 10 or 11, wherein the scanning
of the beam in the third direction comprises:

rotating the volume diffractive element around
an axis corresponding to the third direction on a
plane formed by the first direction and the sec-
ond direction.

The method of any of claims 10 to 13, wherein the
scanning of the beam in the second direction and
the scanning of the beam in the third direction are
performed using a resonant scanning method.
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